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(54) Cleaning and sorting bulk material using optical detector 

(57) For cleaning foodstuffs in the form of particulate bulk material such as cereal grains, rice grains, 
soybeans, sunflower seeds, or coffee beans, an optical sorting device 24 subsequent to a precleaning 
system (6), enables sorting on the basis of colour and/or size and/or shape. Each particle of the bulk material is 
allocated to a particle class determined by sensed parameters and conveyed on a supporting surface of a 
suction holding drum 33 to a reception area 43,44,45 for the respective particle class. To clean the bulk 
material, impurities and bad particles are sorted out of the product, with the product being partitioned into 
classes, if required. Particles are expelled by air nozzles 41, 42, the force applied being determined in 
accordance with the optical measurement of size, shape and nature of the particle. A succession of optical 
sorting stages may be used. 
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METHOD FOR CLEANING AND SORTING BULK MATERIAL 



The invention relates to a method for cleaning by separating or 
sorting bulk material in the form of foodstuffs, such as cereal 
grains, rice grains, soybeans, sunflower seeds, coffee beans 
and the like, with the cleaning and sorting being provided 
within the scope of preparing these foodstuffs for further 
treatment. After a precleaning and a first cleaning, cereal 
grains are soaked, scoured and then ground to flour in a mill, 
preferably by means of a flour roller mill. In the case of rice 
grains, after a precleaning, there is provided a first cleaning 
followed by a grinding step. The first cleaning comprises the 
removal of impurities, a husking step and the removal of husks 
and undesired rice grains. The ground rice grains freed from 
grinding dust are preferably partitioned into various size 
classes. Oil seeds, such as soybeans and sunflower seeds, are 
subjected to a first cleaning after a precleaning, and then 
preferably pass treatment steps for manufacturing oil. In the 
case of sunflower seeds, the first cleaning is preferably pro- 
vided after a husking step, so that impurities and husk parti- 
cles are thereby removed. Also in the case of coffee there is 
provided a first cleaning following a husking step after a pre- 
cleaning. Thereafter, the coffee beans are sorted according to 
size and quality. 



Cereals, rice, oilseeds, coffee and the like are harvested as 
natural products in great quantities, thus naturally being sub- 
jected to a certain contamination by impurities. The contamina- 
tions include impurities, such as parts of metal, glass, wood 
and plants as well as strings and stones having substantially 
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tialTv !'!Tr i0nS ' ° r ' ±n ^ CaSS ° f dUSt and sand < -ubstan- 
txally smaller ones than those of the desired product parti- 
cles These impurities ought to be substantially removed in the 
precleanxng phase by employing sizing screens, such as centri- 
fugxng or vibrating sieves and/or drum sieves. On the other 
hand, the contamination also includes degenerated particles or 
particles infested with pests and/or husks of the product to be 
processed, as well as seeds or stones having about the same 
size as the desired product particles. This share of the conta- 
mination is generally sorted out in the first cleaning by means 
of a plurality of machines. This classification takes place ac- 
^ CharaCteriStiG Pities distinguishing the product 
from the contamination. The characteristic properties and de- 
vices separating according to these characteristic properties 
are essentially the following ones: 

size by means of sieve 
density by means of wind sifter 
- shape by means of indented surface separators 

Of course, a corresponding number of machines are allocated to 
the different sorting methods, with a plurality of such ma- 
chines , and/or combination machines, e.g. combining sieve clas- 
sification and aspiration or air classification, being provided 
for each sorting criterium. if required. This does not only 
lead to great capital investment but also to corresponding ex- 
penses for operational energy and space requirement. If the 
differences in size, density and shape between the bad parti- 
cles and the desired particles are just small, a satisfactory 
separation cannot even be accomplished with a great expenditure 
of machinery. For example, small unhusked rice grains or rice 
grains discolored black cannot be sorted out from the husked, 
non-discolored rice grains. 

It would be desirable to be able to decrease the 

expenditure of costs, energy and space and to improve the 
sorting or cleaning quality. 
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According to a first aspect of the invention, there is 
provided a method for treating particulate food material 
containing impurities including the steps of 
precleaning said food material by removing impurities which 

differ distinctly from said particulate food material, 
first cleaning for selecting still remaining impurities from 
the precleaned food material including the steps of 
optically detecting at least one characteristic property 
of the group of colour, size and shape of the 
particles of said food material , 
comparing said detected characteristic with 
characteristics of acceptable food particles, and 
partitioning said food material at least into impurities 
and acceptable food particles. 

The cleaning of bulk material and the optical colour sorting 
are known independently from each other* However, it can now 
be seen that the use of colour sorting for the cleaning, and 
particularly the combination of colour sorting with optical 
size and/or shape sorting for the cleaning, leads to a 
substantial improvement over the methods known. For example, 
in the case of rice, a partitioning or sorting into rice 
grains with husks, rice grains without husks, husks, rice 
grains with black spots, green rice, broken rice and rice 
grains of different sizes is meaningful, becoming possible 
only by means of the method according to the invention. 

The teaching provided by the invention is based on the 
recognition that judgement via the human eye is very reliable 
and that, therefore, an optical detection, in conjunction with 
an evaluation device deducing size and/or shape and/or colour 
information and comparing this information with values 
characterising the classification classes, will. perform the 
cleaning or sorting task very well with respect to quality, 
but at the same time also at a lower expenditure of machinery, 
costs, energy and space. In fact, tests have shown that by 
means of optical sorting substantially all impurities, product 
particles infested with pests and, if necessary, undesired 
particles of the product, such as husks, can be sorted out. 
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jected to a precleaning, preferably by means of vibrating 
and/or drum sieves and/or wind sifters sorting out the particle 
shares being too large and/or the ones being too small, thus 
ensuring the operatability of the optical sorting device. 

A preferred embodiment of the invention is characterized by 
designing the optical sorting system with at least one opto- 
electronic sensor, preferably with a line array camera, but, if 
required, with a matrix color television camera, whose output 
signals are subjected to an electronic data processing for 
evaluating the quality of the grinding material, which data 
processing particularly represents a comparison procedure 
between the parameters of at least one sample particle and a 
respective particle from the bulk material or, if required, a 
readout of a table information, and which provides a result 
signal which is used for an independent control of the sorting 
device for the product particles. These steps enable an exact 
evaluation of the characteristic properties or parameters with 
respect to the required quality of the product or the parti- 
cles. For evaluation criteria comprising the optical particle 
properties, which are only visible upon radiation with and/or 
upon receiving radiation from outside the visible range, such 
as infrared or ultraviolet, there are to be provided radiation 
sources and/or cameras within the respective wave range. 

A further advantage of the optical sorting device over separat- 
ing devices comprising mechanical pockets, e.g. sieves, or, as 
in the case of indented surface separators, accommodating pro- 
duct particles, is the distinctly smaller wear. The separation 
by means of sieves requires the particles to move over the 
sieve surface such that all particles come to lie at least once 
directly onto a sieve opening. The intense particle movement 
over the sieve surface leads to the undesired sieve wear and 
thus to increased maintenance work, and, in the case of sieve 
exchanges, to operational interruptions. The respective sieve 
wear may lead to wear of the product itself and thus to an 
impairment of the product quality, as well as to the develop- 
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ment of product dust to be removed. The optical separation is a 
separation which is easy on the product and therefore, it can 
also be applied with sensitive products. 

in the case of an optical classification or sorting device a 
change of the classification limits is very easy, since no'ma- 
chme parts have to be exchanged, but merely the size and/or 
shape and/or color values or previously established tables cha 
racterizing the classes to be sorted out. By means of electron- 
ic control measures, such as adjustments and automatic correc- 
tions, a change of the classification limits during operation 
can be avoided. This ensures a constant product quality even 
during long operational phases. In the case of mechanical sepa- 
ration devices, the adjustment of the classification limits in- 
volves the exchange of sieves and/or parts of indented surface 
separators, and, in the case of wind sifters, the adjustment of 
the proper air current . The right selection of the values in- 
fluencing the separation calls for an experienced operator and 
if required, for costly tests, in addition, the classification' 
limits may change during operation due to an increasing conta- 
mination of the separation devices by product dust. 

Furthermore, the invention relates to a method for sorting par- 
ticles of a bulk material or a similar mass-product article 
which is sorted out on a supporting surface of a sensor of an 
image analyzing device, with the sorting procedure taking place 
by means of energy introduced via an actuating unit onto the 
particle to be sorted out, as well as to a sorting device for 
carrying out the method. 

in EP-A-475 121. there is" described an image evaluation system 
with the help of which a granular material can be determined 
with respect to color and/or size or shape, with the above sy- 
stem comprising actuating units, such as air blast nozzles, by 
means of which the material can be sorted. In this patent 
specification it is said that in an operating cycle the granu- 
lar material is to be sorted according to different characteri- 



stic properties, for which purpose the number of actuating 
units to be provided practically corresponds to the one of the 
sorting criteria. On the one hand, this results in considerable 
expenses for actuating units, on the other hand, also in cer- 
tain space requirements. In addition, the energy introduced by 
the respective actuating units onto the particle to be sorted 
out remains substantially the same during the whole procedure. 
As long as there are particles having low size differences, and 
thus very low mass differences, this will practically be of no 
importance. If, however, such a known device is employed for 
materials with very different particles, it will no longer be 
ensured that a particle to be sorted out will be thrown onto 
the same place as the others if it has a very different mass. 
In particular, this will be the case when cleaning yet unhusked 
cereals . 

Therefore, it would be desirable to be able to provide 

a method of the kind described and a sorting device for carry- 
ing out this method so that particles can be sorted out onto 
different places by means of a single actuating unit according 
to the command of an evaluation system, and/or particles of 
very different masses are sortable via one and the same actu- 
ating unit. 

In accordance with the teachings of the invention this will be 
accomplished by adjusting the energy to be introduced onto the 
particle to be sorted out in dependence upon the result of the 
image analysis. In this way, it will be achieved that even a 
granular material consisting of very different particles can be 
sorted reliably, since the.. shape, mass, etc. of the particle 
can thereby be considered. By using just one or only few actu- 
ating units, by way of example, the constructional efforts and 
thus the space and room requirements can be kept very low. 

In a further modification of the invention it is suggested that 
the energy to be introduced onto the particle to be sorted out 
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be adjusted in its value and/or period of time by the result of 
the image analysis . This measure enables the adjustment of the 
energy to be introduced in a simple way. 

According to a further embodiment of the invention it is sug- 
gested that the energy of a preferably gaseous medium be pro- 
vided as the energy used for the sorting procedure, which ener- 
gy is introduced onto the particle to be sorted out in the form 
of short-time energy pulses, with the period of time of the 
energy pulse being extended according to the required energy 
increase, whereby the sorting energy can be adjusted in a most 
simple manner. 

Particularly in a further preferred embodiment of the invention 
wherein the sorting energy is introduced onto the particle via 
blast air. whose air pressure is adjusted in dependence upon 
the result of the image analysis, there can be achieved a very 
reliable working process ensuring the desired sorting quality. 

In the case of a sorting device for carrying out the method by 
means of an optoelectronic sensor comprising an image analyzing 
system connected thereto, particularly for determining the co- 
lor and/or size or shape of each particle, and having at least 
one actuating unit for introducing the sorting energy onto the 
particle to be sorted out. it is suggested according to the in- 
vention that a computing unit be connected at least indirectly 
to the output of the image analyzing system for determining the 
sorting energy required for the analyzed particle to be re- 
moved, and that the output of the computing unit be connected 
to the input of an energy control system of preferably each ac- 
tuatxng unit, with an input device for energy parameters being 
preferably assigned to the computing unit. By means of this de- 
vice the procedure can be carried out efficiently in a most 
simple way. The respective constructional expenses can be kept 



According to a preferred embodiment of the sorting device pro- 
vided by the invention it is suggested that a proportion valve 
controlled by the computing unit be provided as energy control 
system on a pneumatic actuating unit, such as an air blast 
nozzle biased by compressed air. When using this arrangement, 
precisely that energy can be introduced over a wide area in a 
sensitive and exact way onto the particle to be sorted out 
which is required for expelling it into a storage container or 
the like. 

If momentarily it is necessary to introduce additional energy 
in order to be able to introduce a greater amount of energy for 
the sorting procedure, exceeding the amount necessary in case 
of the basic adjustment or the basic adjustment range, it is 
suggested according to a further preferred embodiment of the 
invention that an actuating unit formed by an air blast nozzle 
be connected to an air blast source both via a check valve and 
a postponed relay valve and, via a further valve, to an air 
pressure accumulator, and that the relay valve and the further 
valve be controllable by the computing unit, with the further 
valve being designed adjustable in its throughput cross section 
and/or in its open period by the computing unit. 

If in a further modification of the invention, in the air sup- 
ply system of a pneumatic actuating unit, there is provided a 
plurality of pressure reducing valves connected in parallel and 
preferably presettable to different pressure values, which 
pressure reducing valves are switchable and/or controllable se- 
lectively by the computing unit, then a good adaptation of the 
energy required for the current needs can be accomplished in a 
simple way by opening and closing each valve. 

in principle, actuating units of other designs can be used as 
well. Mechanical actuating units, such as ejector hammers or 
electrostatic actuating units", can be used advantageously for 
sorting purposes. 
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The devxce shown on the basis of Fig. 13 is advantageous even 
independently of its use in the cleaning system as it has been 
described above, in particular if the particles to be sorted 
are of greatly different masses, such as in sorting minerals 
However, particularly advantageous is the use of this device* 
for cleaning granular fruits, such as cereals, soybeans, cof- 
fee, cocoa, etc. in the manner described previously. 



Further details of the invention will become apparent from the 
following description of the embodiments schematically illus- 
trated in the drawings as follows: 

Fig- 1 Milling plant for semolina according to the prior art; 

Fig. lb milling plant for soft wheat according to the prior 
art ; 

Fig. 2 milling plant comprising an optical first cleaning; 

Fig. 3 rice milling plant according to the prior art; 

Fig. 4a rice milling plant comprising optical cleaning and 
sorting sections,- 

Fig. 4b rice milling plant wherein a paddy separator and an 

optxcal sorting system are provided immediately after 
husking; 

... 

Fig. 5 soybean manufacture according to the prior art; 

Fig. 6 soybean manufacture comprising an optical cleaning or 
sorting system; 

Fig. 7 sunflower seeds manufacture according to the prior 
art ; 
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Fig. 8 sunflower seeds manufacture comprising an optical 
cleaning system; 

Pig. 9 sunflower seeds manufacture comprising an optical 
separation system of the flow of material prior to 
removing the husks; 



Pig. 10 coffee treatment according to the prior 



art; 



Pig. 11 coffee treatment comprising an optical cleaning 
system; x 

Pig. 12 coffee treatment comprising an optical cleaning and 
classification system; and 

Pig. 13 a particularly preferred embodiment of a sorting 
device according to the invention. 



Fig. la schematically shows the example of a semolina mill 
equipped with a number of cleaning machines in order to illu- 
strate what savings can be achieved by the invention. However, 
it is to be understood that the invention is not limited to 
such mills but that it can also be employed for other milling 
types in which a lower number of cleaning machines may conven- 
tionally be provided. 

The Fig. la is subdivided gust optically into individual sec- 
tions by four elevators 2 to 5 merely schematically indicated. 
In place of the elevators 2 to 5 any other suitable means of 
transport can naturally be used as well. For the cereals sup- 
plied there is provided a group of reception bins 1 on the very 
left. In a precleaning section 6 in-between the elevators 2 and 
3, treatment steps are carried out for removing coarse and fine 
impurities. The treatment steps of a first cleaning procedure 



12 



HL s t:: che : ievators 3 ana 4 «*' «- 

and s. to the right of the elevator 5 there follows a tr-T 

Uaot, TT,k 3 8 9 deVl0e 218 " avln9 a ~=*^9 and sett- 

ling unit 2lb, 21c and a flour roller mill 22. 

/ 

The materia! supplied from the reception bin l is firsc led to 
a magnetic separator 9 and thereafter to scales 10. Zl To! 

21%°""° deViCB m the form of a vJraWon 

classification sieve with a fim = ^ vioration 

sieve is a so-called 11 3 MCOnd SieVe ' ^ fir " 

ties such I! T SCreSn ' se P aratin * coarse impuri- 

stones 1 / UmPS Sarth ' PartS ° f WOOd and "-w, and 
stones, etc. from the eeraaio =„j 

j.j.um cne cereals and the small impurities Tho 

Parties the grain is then led through an air current, ^efer- 

Seu ouHn tL si£cer 12 • nu too!:.:: 

fofth! real IT * ^ °< »"* serial, and 

from ^ graLT' 

After the precleaning the precleaned grain reaches a raw fruit 

Eludes the first * ^0^^.^ * 

second cleaning and a second soaking and set tling as well ' as 

^va1i 1 etier: h n e Pr ° aUCin9 ^™ 

Tor ^z^^^z^r^ *~ 

Cerent grain varieties inlediatL after "T ^ *"* 
so that the grain mixture will ? ™ **** 

Che different grain varietio. " 
"rst cleaning^rtnl Xt "oar 5 " "~ ,Sr ~* °" 
—d after the first settTLo ' *"-*«•. »d are then 
different grain varieties ^ in' " " lead 

through the second cleaning lor 1 SeParaCe " "dement 

meaning f or the second soaking and settling 



13 



and, if necessary, to mix them only after the grinding. For 
treating a certain grain mixture, the grain varieties required 
for this are taken from the bins 14 and mixed by means of flow 
governors 15 allocated to respective raw fruit bins 14, where- 
after they are supplied to scales 10a determining the weight of 
the mixture. 

The first cleaning succeeds the scales 10a, comprising, if re- 
quired, a further magnetic separator 9a, a further sieve-clean- 
ing device lia with wind sifter 12a, a stone separator 17, at 
least one indented surface separator 18, a fluid-bed stone se- 
parator 19 and a specific gravity separator 20. The sieve- 
cleaning device lla effects a partitioning into cereal grains 
and larger and smaller impurities with the help of two vibrat- 
ing sieves. Owing to the smaller throughput and the smaller 
classification limits a better separation will be achieved com- 
pared to precleaning. On the one hand, the stone separator 27 
enables a separation according to the specific weight with its 
vibrations, on the other hand, due to the fluidized bed gener- 
ated therein, there is also produced a separation according to 
the air resistance. A separation is carried out according to 
shape and size by at least one indented surface separator of 
the round and/or spiral and/or disk type 18 by carrying along 
desired grains with respectively formed pockets. -.Undesired par- 
ticles, such as degenerated grains, broken grains, too long or 
too round particles, are eliminated. The fluid-bed stone sepa- 
rator 29 carries out - similar to the stone separator 27 - a 
separation according to specific weight, so that heavier compo- 
nents (e.g. stones as big as grains) can be eliminated. The 
specific gravity separator.. 20 is provided for removing unsatis- 
factorily developed grains, broken grains, etc. 

After this first cleaning in the sections 7a, 7b, the grain 
passes through a scouring device 21a and a soaking device 21b 
with automatic humidity control into tempering bins 21c with 
outflow governors 2id. The scouring 2la. the soaking 21b and 
the conditioning in the tempering bins 2lc are preferably 
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provided twice in a row before the grain is finally led to a 
flour roller mill 22 preferably via scales. When using such an 
arrangement, the roller mill 22 represents a whole series of 
such roller mills, with the first roller mill 22 carrying out 
the openmg of the grain in a manner known per se, by having 
its rollers 23, which are spaced in predetermined distances 
and equipped with corrugations, driven with different speeds 
such that the side of the respective grain facing one of the 
rollers 23 is torn away, which causes the uncovering of the 
contents of the grain corresponding, by and large, to the 
flour. In the further passages, this share of flour will then 
be separated from the husks or ground according to the desired 
degree of fineness. 

The invention is now based on the recognition that the machines 
required for the first cleaning, particularly the sieve-clean- 
ing device iia comprising the wind sifter 12a, the stone sepa- 
rator 17, at least one indented surface separator 18, the 
fluid-bed stone separator 19 and the specific weight separator 
20. can be replaced at least in part, if an optical sorting de- 
vice is used in their place. Such an arrangement can be seen, 
for example, in Pig. 2. 

Since the semolina treatment represented in Pig. la provides an 
extremely expensive first cleaning, the treatment of soft wheat 
according to the prior art will be illustrated in a second ex- 
ample in Pig. !b. a comparison of the Pigs, la and lb shows 
that in the first cleaning of soft wheat there is neither pro- 
vided a fluid-bed stone separator 19 nor a specific weight se- 
parator 20. in addition, preferably indented surface separators 
of the round and spiral type 18a. 18b are employed for the 
cleaning of soft wheat. A further difference between the Pigs 
la and lb consists in the fact that the twofold passage through 
the scourxng, the soaking and the conditioning by means of the 
devices 2la to 2ld and 2la« to 2id< is represented twice. 
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As can be seen on the basis of a comparison between the Fig. la 
or Fig. lb with the Fig. 2, the elevator 4, the sieve 11a with 
the wind sifter 12a as well as the machines 17 to 20, or 17 and 
18, are missing. In their place there is provided an optical 
sorting apparatus 24 represented in detail and especially 
equipped, taking over the work of the machines omitted. How- 
ever, it may be mentioned that Fig. 2 represents only one ex- 
ample and that in the case of mill diagrams differing from Fig. 
la the machines conventionally provided in such an arrangement, 
particularly the machines of the first cleaning 7 # can be re- 
placed by the device 24. Even though it would be possible per 
se to replace even further machines of the precleaning stage by 
the optical installation 24 , this will generally not be conven- 
ient. 

Accordingly, material to be sorted out, which is supplied via 
the magnetic separator 9a, passes to a distributing device 27 
via an inlet duct 25 conveniently comprising a dosing device, 
e.g. in the form of a flap changing the shaft cross section. 
Such an arrangement may be designed in a similar way to the one 
represented in the Figs. 10 to 13 of the US-PS 4 905 917 on the 
basis of the installation 30 and a postponed feed- in roller 8, 
with the feed- in roller 28 immediately succeeding the distri- 
buting rotor 27 in the case of the present Fig. 2. 

To avoid accumulations of grains, there is suitably provided a 
vibroconveyor 29 with a vibrational driving mechanism 30 for 
preparing the individualization, in which case it is advanta- 
geous to design the vibroconveyor 29 with individual feeding 
channels 31 conveniently running parallel* to each other in the 
direction of flow. These feeding channels 31 already separate 
individual rows of succeeding particles from each other, which 
is accomplished by the fact that the feeding channels 31 are of 
a width that corresponds to the width of a grain. In this way, 
the grains are not only distributed over the width of the vi- 
broconveyor 29, but they are also arranged one behind the 
other, so that only the procedure of arranging the individual 
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video camera can be u"ed per Te asT f , 
34. particularly a solid-state L "levision c^ara 

a CCD camera. " 0imera ' su <* as a diode array or 

It may be mentioned that sur-h =» , 

channels 31 may be subjected to "^"^ 27 «*» deeding 

unjected to numerous modifications, for 
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example, by omitting the vibratory driving mechanism or by de- 
signing the feeding channels 31 slightly divergent instead of 
running parallel to each other in the direction of flow. A fur- 
ther individualizing effect can also be achieved by providing 
the feeding channels 31 with individual stripes of material of 
different frictions running crosswise to the direction of the 
feeding channels 31, which stripes of material are either uni- 
form in width or have an increasing width in the direction of 
flow. The acceleration can also be effected in different man- 
ners, e.g. by at least one acceleration drum projecting through 
the vibroconveyor 29 over a partial section thereof or a cen- 
trifugal disk provided already at the initial section of the 
vibroconveyor 29, accelerating the grains tangentially onto the 
vibroconveyor 29, etc. 

As soon as the grains are thrown against the drum 33 by the 
brush roller 32, a reduced pressure applied in the interior of 
the drum 33 begins to take effect in the area of recesses suc- 
tioning the grains merely in the area of the recesses . 

The drum may be provided over its circumference with individu- 
alizing ribs or channels similar to the feeding channels 31 of 
the vibroconveyor 29, with suction holes being arranged at re- 
gular distances. The grains are then held fast on these suction 
holes, whereby they become located in a predetermined position 
relative to each other, and are taken to the monitoring device 
34 within the casing 36. To effect the respective reduced pres- 
sure, there is again provided an opening 38 projecting through 
a hbllow stub shaft 37. Thus, above the sealing wall 39 in the 
interior of the drum 33, there prevails a corresponding reduced 
pressure ensuring the engagement of the grains on the drum 33 
even in the case of high speeds, with a further casing 40 being 
designed such that the reduced pressure can be effective there 
too, by way of example, and that the grains will be expelled 
only when the reduced pressure is overcome by the blast pres- 
sure exerted by nozzles 41, 42 arranged therein, of which 
nozzles the one throws the particles to be sorted out into a 
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trough 43, the other throwing them into a trough or a duct 44 
whereas a sealing arrangement on the covering wall 39 takes 
care that the suction pressure in the area below this wall 39 
cannot take effect so that the particles found good will fall 
xnto a trough or a duct 45. If only good and bad particles are 
to be classified, the nozzle 42, for example, can be omitted 
On the other hand, for sorting into several particle classes 
however, there may be provided further nozzles. The most exten- 
sive particle class preferably passes into the duct 45 without 
any blow-out effect occurring. 

The video camera 34 is represented with its preferred circuit- 
ry. Such a conventional solid-state or tubular camera for the 
release of color signals generally has six outputs, i e an 
output 57 for the horizontal deflection signal (this term is to 
include also the corresponding signal of a solid-state camera) 
an output 58 for the vertical deflection signal (if it is not 
merely a line array camera) , an output 59 for the red signal, 
an output 60 for the blue signal, and an output 61 for the 
green signal. In addition, there is provided an output 62 for 
the Y signal (brightness) . Now, it will be more convenient for 
the processing if a converter stage 63 is connected to these 
outputs, which converts these signals into the so-called IHS 
system, so that a line 64 for the brightness signal, a line 65 
for the color saturation signal and a line 66 for the hue sig- 
nal will be produced on the output of which. Of course, the 
converter stage 63 may be omitted if the camera 34 is already 
designed per se such that it has respective outputs on the 
lines 64 to 66, or else if the signal evaluation substantially 
requires the red, blue and green signals. 

in the edge area of the drums 33 there is preferably arranged a 
color reference pattern, and clock trackings are arranged at 
predetermined positions on the drum itself, so that during a - 
deflection period the signal sections Corresponding to these 
references will occur at a precisely determined position within 
the video signal, with the clock tracking being adjusted for 
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determining the particle speed, or a line or array being read 
out with each clock pulse to define the release of the image 
point in the direction of flow and to facilitate the measure- 
ment of the particles. Thus, when the lines 57 # 58 are led to a 
change-over stage 67, it is capable of establishing on the 
basis of the deflection signals whether the ingoing signal 
comes from such a reference point or a clock tracking or from 
another point* Accordingly, the signals are partitioned by the 
change-over stage, with the reference signal released by the 
color reference pattern being applied to a reference memory 
stage 68, and the signal coming from the drum surface - with 
the exception of the clock tracking signals - being sent to a 
stage 69, whereas the clock tracking signals reach an output 
line 70. 

The inputs of a reference stage 71 are connected to the outputs 
of the stages 68, 69, which reference stage 71 has a compensat- 
ing effect by subtraction of any irregularities or changes of 
the brightness of the background, so that a readjustment of the 
lighting devices 35 is not absolutely required. It will be ad- 
vantageous if a further subtraction is carried out, which is 
based on the learning ability of the circuitry. 

For if a certain color or brightness for the bulk material par- 
ticles is required, different procedures will be possible. The 
simplest way is to preset a threshold value for a desired 
brightness and, if this desired brightness threshold should not 
be reached, to eliminate the respective particle by actuating a 
blow-out nozzle or another sorting device. If, however, one 
wants to sort according to, color, a plurality of color channels 
(substantially corresponding to the lines 59 to 62 or 64 to 66) 
as well as threshold value indicators located in these channels 
could be provided analogous thereto. In a digital way, this 
will be achieved by inputting the respective color parameters 
on a keyboard, but which, on the one hand, is tiresome and, on 
the other hand, will be unreliable due to the many error 
possibilities. Also in this case, it will be convenient to 



choose another way. 
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If prxor to the sorting of a bulk material to be monitored, a 
learnxng run is started by making a number of grains (in fact 
one of them would be sufficient) pass by the video camera 34 at 
the begxnning of operation, or - in the case of a matrix or 
tubular camera - by making them left standing, then the color 
of thxs reference grain can be read in to serve as a reference 
value for the desired color at a later stage. For this purpose 
a change-over stage 72 may be provided at the output of the ' 
comparator circuit 71 (or, if it is not proviaedf because 
background control according to the prior art is preferred, at 
the output of the camera 34 or the stage 69) . This change-over 
stage has a switchable control input 73 in the present embodi- 
ment (however, not necessarily, , so that its change-over via a 
selector swxtch Si can be controlled by means of a time fun- 
txon element 74, which automatically switches the change-over 
devxce to normal operation after a period of time corresponding 

aL'^ PaSSa96 ° f reference sa *Ple, or the change-over can 
also be carrxed out manually by a hand switch S2 according to 
the posxtxon of the selector switch Si, by whose opening or 
closure there is effected the change-over of the stage 72. Such 
a hand switching is particularly advantageous if the period of 
txme for the time function element 74, which is preferably 
adjustable, cannot be determined exactly from the outset (e g 
a sample of grains will be sent some days before to be able to 
correspondingly sort out later on, . 

According to the position of the change-over stage 72 a learn- 
xng run or normal operation will be chosen, with at least one 
memory unit 75 being connected in the first case, which memory 
unit 75 is preferably designed as a non-volatile memory (e.g 

llTZ T i ^ ^ lGarning ™ at ^ one partial and the 
background, but, if necessary, also several particles with eacn 
one representing one particle class, are subjected to a color 
evaluation and the values resulting therefrom will then be 
stored. For this purpose, several storage locations 75 with 
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selective accesses, i.e. either several separate memory units 
or a single, correspondingly larger, memory unit 75 having 
addressable memory locations are rendered connectable to the 
output signal of the camera 34 or the comparator stage 71. It 
is convenient to connect the memory unit 75 to the memory unit 
68 to be able to correct its contents in dependence upon the 
illumination color of the color reference sample, if necessary, 
and to thus avoid any sorting errors. It is true that alterna- 
tively it would also be conceivable to assign such a control 
device to the illumination unit that its color values are stea- 
dily held constant, but the connection line represented in 
broken lines between the two memory units 68 and 75 forms the 
simpler way to a corresponding correction. 

If the change-over stage 72 - controlled by the time function 
element 74 or the switch S2 - switches over to normal opera- 
tion, it delivers the signals received to a temporary storage 
stage 76 located in parallel to the memory unit 75, or directly 
to the one input of a comparator or a control stage 77 whose 
other input is connected to the output of the reference signal 
memory. In such an arrangement, there can thus be carried out a 
steady comparison between a reference signal and the ACTUAL 
signal of the grains examined. In the case of several defined 
particle classes, the comparison is carried out on the basis of 
the respective stored particle and background basic values. The 
conparison stage 77 will have adjustable and conveniently 
predetermined threshold values, so that it delivers no output 
signal at all in a case in which the signal lies within the 
tolerance field for the particles not to be thrown out or the 
background. The particles .which are not to be thrown out are 
preferably those which are numerically the most frequent ones, 
i.e. in the normal case the good particles. However, the compa- 
rator stage 77 will deliver a signal via an output 80 to a 
change-over stage 78 according to the particle class detected. 
The signal applied is used to control one out of preferably two 
selection stages 81 or 82, if required even more than two, by 
means of a corresponding valve as a final control element for 
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actuating one of the preferably two, and, if required, even 
more than two, nozzles 41 or 42. To synchronize this actuation, 
the clock signal line 70 is connected to the comparator and 
control stages 77. if required, an ejector nozzle is controlled 
such that it expels everything which has not been detected as 
background or as appertaining to a particle class as a foreign 
part by means of an ejector nozzle. 

If the different particle classes are particularly distin- 
guished by cheir shapes rather than by their colors, it is 
preferably provided to treat particles of all particle classes 
as good particles in the color detection step and that the vec- 
torial subtractor 77 provides no output signal at all in the 
case of good particles or grains. However, it can now be seen 
that the line 80 does not directly control the change-over 
stage 78, but that a shape processor Fp is also associated with 
the line 80. This shape processor Fp receives the output signal 
of the subtractor 77 conveniently via an inverting stage Iv. 
For if merely good and bad particles are distinguished, the 
shape processor Fp is actuated via the inverter Iv only in the 
case of grains of good color and thus when the output signal of 
the vectorial subtractor 77 disappears, which facilitates its 
operation (in comparison with a possible parallel operation of 
subtractor and shape processor, which would also be possible) . 

At the outputs of the stages 77 and Fp. there is situated a 
logical member Log, which is represented in this case only as 
OR linkage, controlling the change-over stage 78 in dependence 
of the signals of the two stages 77 and Fp. When using such an 
arrangement, more than only two ejector nozzles 41 and 42 will 
generally succeed each other to be able to sort out according 
to colors and sizes and/or shapes or qualities, in which cases, 
as can be expected in the circumstances, a mere sorting accord- 
ing to color or only according to size and/or shape will be 
sufficient. Shape information will comprise at least an actual 
particle contour and/or at least a derived value, such as the 
first, the second and/or the third surface moment. In the 
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learning run, at least one particle contour and an appertaining 
tolerance range can be determined as property of a particle 
class, if required, so that the shape processor will be enabled 
to compare the current particle contour with the possible 
contours of this particle class. 

It should be understood that numerous modifications are con- 
ceivable within the scope of the invention,- for example, all 
conventional optical sorting devices can be employed, if they 
are equipped with color and/or size and/or shape detection 
devices . 

Unnecessary blowing out will be avoided if the color of the 
background formed by the drum 33, as already mentioned above, 
is established. A particle to be eliminated is only present if 
no -good" grain nor a grain appertaining to a defined particle 
class nor the background either is scanned. 

in case of need, the background could also be calculated via 
the deflection signals, for the openings situated next to each 
other for receiving the grains are likely to pass successively 
always at the same place, and the presence of a series of 
grains can also be detected via clock signals, but this would 
entail too great imprecisions, particularly since it may happen 
that a drum opening will not even be occupied (which would then 
act as reference color) . 

s If the above-mentioned connection represented in broken lines 
between the memory units 68 and 75 exists, the reference signal 
for red, the reference signal for blue and the reference signal 
for green can be stored within the system of coordinates of the 
color signals IHS, which system of coordinates practically 
represents a three-dimensional order within the memory unit 75. 
These reference signals can then be examined, conveniently at 
least at the start of operation, but, if necessary, also in 
periodical time intervals, by retrieving the output signal of 
the memory unit 68, in which the respective color signal taken 
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from the standard color pattern is present, and by comparing it 
wxth the values stored for red, blue and green. If a deviation 
occurs due to the hue change of the illumination, all color 
values will be corrected to the same extent (corresponding to a 
turn of the three-dimensional system of coordinates) , so that 
the reference values are adapted thereto, even in the case of a 
changed illumination. 

Pig. 3 schematically shows a rice treatment in which paddy rice 
or parboiled rice is conveyed by means of elevators 102, 103, 
104 from reception bins 101 to respective further treatment 
sections. In place of the elevators 102. 103. 104 there can al- 
so be used other suitable means of transport, and the arrange- 
ment of the means of transport as well as the partitioning into 
treatment sections separated thereby may differ in dependence 
of the respective circumstances. 

In the example represented, the precleaning directly joining 
the reception bins lOi substantially comprises a sieve-cleaning 
machxne 105. e.g. a drum sieve, for removing coarse impurities, 
and a wind sifter 106 for the removal of dust. If required, a 
magnetic separator will also be provided. The precleaned pro- 
duct is kept ready for use in rice bins 107 for the further 
treatment in a section of the first cleaning 7 or 7a and 7b. 
and then passes via flow governors 15, a conveyor 16 and scales 
10a to a sieve device 11a, preferably a vibratory sieve machine 
havxng a first and a second sieve. The sieve device 11a sepa- 
rates particularly two fractions from the bulk material, i.e. 
larger and smaller impurities. A wind sifter directly joining 
the sieve device Ha substantially eliminates the dust being ' 
present in the bulk material. Prom the remaining bulk material 
there are sorted out impurities with densities and shapes or 
axr attack surfaces differing from those of the rice grains. If 
requxred, a further magnetic separator will be provided after 
the dry stone separator 17. 

in the previously described section of the first cleaning 7a or 
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lla, 12a, 17 , 9a there are eliminated weed or foreign seeds, 
sand lunqas, stones and small iron particles. Besides these 
impurities the husk is now removed from the rice grain in the 
section 7b by means of a husHing device 108 and is sorted out 
in the air current by table separators 109. Since apart from 
husked rice grains and husks also unhusked rice is discharged 
from the husking device 108, the table separators 109 have to 
separate also unhusked rice from husked one. Owing to the small 
difference, this separation can be achieved only with great 
expenditure of energy, and even then only to an unsufficient 
extent. To ensure that substantially no unhusked rice grains 
are carried along together with the husked ones, one has to put 
up with the inconvenience that along with the unhusked grains a 
great share of the husked grains will again be led to the 
husking device 108 via a return line 110 and the elevator 103. 

To remove unripe unhusked grains or green rice, an expensive 
sorting device has to be used for carrying out a sorting ac- 
cording to thickness. For this purpose, drum sorters 111 ac- 
cording to Fig. 3 are employed in the plant. Both the expenses 
for machinery and the strain on the good rice grains are high, 
leading to a particularly inefficient treatment step in the 
case of a small share of green rice. At the end of the first 
cleaning, the rice possibly passes through a magnetic separator 
9b. 

In a second cleaning, the rice is ground by means of ring 
grinding machines 112, polished by polishing machines 113 and 
freed from dust by means of aspiration. 

In a treatment section 8 succeeding the elevator 104, the pro- 
duct is distributed onto plansif ters 115 via a distributing 
device 114. Lumps and fine particles of broken rice are elimi- 
nated by the plansifter, so that substantially only rice grains 
having a predetermined minimum size pass into indented surface 
separators 117 via a further distributing device 116. The 
indented surface separators classify the rice into predeter- 
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mined size classes. Preferably, there is carried out a classi- 
fication into 3/4 to l/i, 1/2 to 3/4 and i/4 to 1/2 grains. The 
sorted rice then passes into corresponding size class bins 117. 
Possibly, the sorted rice grains will then be subjected to a 
color check in order to eliminate grains with black spots. 

According to Pig. 4a, a solution in accordance with the inven- 
tion provides that in place of the dry stone separator 17 ar- 
ranged in the section 7a of the first cleaning, and possibly 
also of the magnetic separator 9a (cf. Pig. 3), there is pro- 
vided an optical sorting device 24. As described above, the 
particles led to this sorting device can be assigned to differ- 
ent predetermined particle classes and then be partitioned in a 
sorted manner into corresponding partial streams of bulk mate- 
rial. An evaluation and control electroncics 114 connected to 
the video camera 34 and to at least one expeller device 42, 41 
ensures that in the case of a partitioning into good and bad 
particles all bad particles are expelled into the trough 43 or 
into the duct 44. The good particles fall from the drum 33 into 
the duct 45 in the drum section formed by the covering 39 with- 
out any suction effect occurring. Besides the possibility of 
sorting out everything together which has not been detected as 
good particles, it may also be provided that all impurities of 
a predefined color and/or size and/or shape class are sorted 
out separately from the other bad particles by means of a cor- 
responding expeller device 41. This may be of interest when 
foreign seeds from bulk material with a high share of foreign 
seeds are to be separated from the non-biological material and, 
if required, eliminated for further use. 

». 

The optical sorting device enables an extremely sharp separa- 
tion of good and bad particles, so that only few good particles 
are to be found in the eliminated particles and only few bad 
particles in the particles found good. The separation limit can 
be easily adjusted by indicating just another set of values 
representing the good particles and stored previously, if 
required, by way of example. Since the optical sorting device 
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24 also comprises a learning mode, the desired product can be 
put in front of the optical sorting device for detecting the 
class-determining parameters e.g. for a new variety of rice 
prior to the treatment process. Since the cleaning according to 
the invention is substantially a sorting procedure, there arise 
possibilities whereby the first cleaning becomes distinctly 
more efficient. For example, besides impurities, also rice 
grains that are not fully developed or even degenerated can be 
sorted out prior to the husking device 108. If required, also 
good particle classes of different grain sizes can be separa- 
ted, whereafter they will be husked in optimally adjusted 
husking devices 108. 

In the section 7b of the first cleaning, joining the husking 
device, there is a further advantageous range of application 
for an optical sorting device 24a. In such a case, it can 
replace the table separators 109 and the drum sorters 111 
provided by the prior art. The table separators 109 are large 
and are based on the reciprocal lifting motion principle, so 
that great demands are put on the construction volume and the 
building strength. These demands will disappear with the use of 
the optical sorting device 24a. Apart from the decrease in the 
expenses for machinery and the building, there results an opti- 
mization of the return of unhusked rice grains. By means of the 
table separators 109, husked and unhusked rice grains are sepa- 
rated according to their specific weights, impact behaviors and 
leakage capacities, with the separating efficiency being bad 
due to the small differences. To keep the share of unhusked 
rice within the husked one down to a small level, one has to 
put up with the fact that .the fraction returned to the husking 
device 108 is equally composed of husked rice and unhusked one, 
resulting in a return of about 20% in the case of the husking 
devices known. 

Since the unhusked rice (paddy rice) und the husked rice (brown 
rice) differ in their sizes (approximately 5%) and in their 
colors, the optical sorting device 24a can ensure a distinctly 
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sharper separating efficiency in comparison with the table 
separator 109 known, so that the share of husked rice returned 
to the husking device 108 is minimalized. Besides the classes 
of the husked good rice and of the unhusked rice, the optical 
sorting device will preferably sort out separately at least one 
further class, such as green rice, discolored and/or deformed 
rice or, if necessary, impurities. For this purpose, a number 
of expeller devices 41, 41 \ 42 corresponding to the number of 
the classes to be expelled is controlled by the control system 
114. By sorting out green rice with the optical sorting device 
24a. also the expensive drum sorters 111 will become obsolete. 
Again, it can be seen that a cleaning functioning as a sorting 
into different color and/or size and/or shape classes possesses 
considerable advantages over a conventional separating device. 

In place of the plansifters 115 and the indented surface 
separators 117 there can be employed an optical sorting device 
24b in order to sort out the desired size classes and, if 
necessary, the broken rice or impurities. Simultaneously with 
the size classification, a color classification, e.g. for sort- 
ing out rice discolored black, can be carried out. so that no 
additional color classification will be required. Combined 
sorting criteria open up separating possibilities which, up to 
the present moment, have not existed nor have they been conven- 
ient due to too great an expenditure caused. For example, a 
rice fraction discolored black can be separated from non-dis- 
colored rice without any additional expenditure being re- 
quired. By the separate sorting of different contaminations 
they can be further used in an optimum way and not all of them 
have to be eliminated as w.aste. A substantial advantage of the 
optical sorting device 24, 24a, 24' is its universal use due to 
the possibility of separating particle classes with any size 
and/or shape and/or color properties from each other. The 
cleaning and sorting requirements of different rice milling 
plants can thereby be met by using one and the same device. 



embodiment according to Fig. 4 b then provides a combination 
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of a plansifter 118 having an optical sorting device 24a % sub- 
sequent to the husking device 108 for increasing the through- 
put. The plansifter 118 separates the product stream into the 
following three fractions, i.e. unhusked paddy rice, a mixture 
of unhusked and husked rice and husked rice. The optical sort- 
ing device 24a * then separates only the mixed fraction into 
unhusked and husked rice and, if necessary, into bad particles, 
such as green rice. 

Fig. 5 shows a conventional treatment of soybeans for the oil 
manufacture. By means of elevators 202, 203 and 204, different 
treatment sections are separated from each other. Prom recep- 
tion bins 1 the soybeans preferably pass via an elevator 202 
into a precleaning section 6 comprising scales 10, a sieve 
device 11, a wind sifter 12 and, if required, a metal separator 
9. By means of the precleaning, there are eliminated both 
coarse impurities, such as earth lumps, pieces of wood and 
straw, and stones, etc., as well as fine particles. To remove 
dust particles, the cereals are then led through an air cur- 
rent , preferably through a wind sifter 12. This precleaning has 
to be carried out in the case of high throughputs of bulk ma- 
terial, and therefore, it cannot eliminate the contaminations 
in a size range of the cereal grains. 

The precleaned product passes via the elevator 203 to the first 
cleaning ina section 7 having a further sieve -cleaning device 
lla comprising a wind sifter 12a and a stone separator 17. If 
required, there is provided a slanted belt for dividing off 
half or split soybeans in such a manner that the parts of beans 
will remain lying there, and the integer soybeans will fall 
down. The fractions of soybeans are to be eliminated because 
they have an increased infestation with bacteria. Via the ele- 
vator 204, the soybeans pass into the section 8, where they are 
treated with hot steam in a steam- treatment installation 205, 
then passing through a break roller mill, a vibrating sieve 207 
and a flaking roller mill 208 to an oil extractor 209. 
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According to Pig. 6, an optical sorting device 24 is provided 
by the invention for the treatment of soybeans for the first 
cleaning. It replaces the sieve -cleaning device lla and the 
stone separator 17, as well as, if required, the slanted belt. 
Impurities and broken particles of soybeans are detected on the 
basis of color and/or size and shape properties and are prefer- 
ably thrown out separately. In addition, the possibility is 
provided to remove also the green and the unripe soybeans, 
whose proportion of bacteria is too great, by means of the 
optical sorting device 24 on the basis of the color and, if 
required, also the shape of che soybeans. Thereby, white flakes 
are obtained after the flocking, which can also be used for the 
manufacture of TVP (textured vegetable protein) for human 
nutrition purposes. 

Fig. 7 schematically shows the treatment of sunflower seeds ac- 
cording to the prior art. The bins and the precleaning in the 
section 6 are the same as in the treatment of soybeans. The 
first cleaning succeeding this arrangement for removing impuri- 
ties and husk particles is preferably provided after a husking 
step in a centrifugal huller 210. In the centrifugal huller 210 
there develops a mixture of husks and of husked and unhusked 
kernels. By means of a first vibratory sieve device 211 and an 
aspiration device 213 it is attempted to carry out a classifi- 
cation into unhusked grains, husked grains and husks. A first 
fraction with the unhusked grains constitutes about 17% of the 
whole amount of bulk material, being composed of about 40% un- 
husked and 60% husked kernels. Via the elevator 203, this frac- 
tion again passes to the centrifugal huller 210. The bad sepa- 
rating efficiency entails a great strain on the centrifugal 
huller 210 by returned husked kernels. A share of the husks is 
eliminated as second fraction via the aspiration device 213. A 
third fraction composed of husked kernels and husks is supplied 
to a second vibratory sieve device 212 having a second aspira- 
tion device 214. The kernel particles passing into the aspira- 
tion device together with the husks will then be separated as 
well as possible from the husks by means of plansifters 215. 
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The kernels from the second sieve device 212 and the kernel 
particles from the plansifters 215 pass into a treatment device 
216 preferably comprising flocking roller mills and a pressing 
device . 

Pig. 8 provides that a method in accordance with the invention 
for treating oil seeds, particularly sunflower seeds, compri- 
ses an optical sorting carried out by means of an optical sort- 
ing device 24 for the first cleaning. Subsequent to the centri- 
fugal huller 210 there is provided a device for removing husks, 
preferably a vibrating sieve device 211 having an aspiration 
device 213. The optical sorting device partitions the bulk ma- 
terial freed from a part of the husks into unhusked kernels, 
husked kernels and kernel particles and husks by means of color 
and/or size and/or shape information. If required, the sorting 
device 24 comprises a video camera system 34 having two or more 
cameras delivering information from different perspectives. The 
evaluation of this image information provides a size and/or 
shape information for each particle, so that, for example, 
husks arid kernels can be distinguished on the basis of 
different thicknesses. If the sorting device 24 should have a 
very high expelling capacity, the pre-classif ication by means 
of the vi- brating sieve device 211 may be omitted, if 
required. A sub- stantial advantage of the optical sorting is 
the sharp grading into the desired classes. The fraction with 
the unhusked ker- nels substantially includes neither husks nor 
unhusked kernels, so that the centrigugal huller 210 is not 
unnecessarily loaded by husked kernels, thus achieving a higher 
product throughput together with the same efficiency. 

To optimize the first cleaning in the treatment of sunflower 
seeds, the embodiment according to Fig. 9 provides a first op- 
tical sorting device 24a already before the centrifugal hullers 
210. With the help of this sorting device, the product stream 
is to be partitioned into two partial streams having kernels of 
different sizes by means of size properties to be determined, 
such as length and/or width and/or size of the cross -sectional 
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plane or the plane of projection. These partial streams are 
husked in the centrifugal hullers 210 adjusted to the respec- 
tive particle sizes. Owing to this individualized adjustment, 
both the breaking up into too small particles and too great a 
share of unhusked kernels can be avoided. The succeeding aspi- 
ration device 213 partitions off a great part of the husks, so 
that the classification in a second optical sorter 24 does not 
have to expel an unnecessarily large amount of husk particles 
The unhusked kernels are supplied back to the first sorting 
device via the elevator 203. Apart from the optimized husking 
procedure, the first optical sorting device 24a has the further 
advantage that also the sorting of impurities, such as stones, 
light bodies, weed seeds and the like, will be possible. 

Fig. io shows a known installation for cleaning, husking and 
classifying coffee beans, in a first section 7a of the first 
cleaning, dried coffee berries or Pergamino coffee pass into a 
sieve classification device lia having an aspiration device 12a 
from product bins 14 via flow governors 15, a conveyor 16 and 
scales 10a. In the classification device lia, 12a coarse ex- 
tremely fine and light impurities are sorted out of the coffee 
In the succeeding dry stone separator 17. there are eliminated 
impurities having the size of the coffee beans, but being of a 
higher weight and, if required, also impurities of a smaller 
weight. Via a magnetic separator 9 and an elevator 302. the 
dried coffee berries reach a husking device 305. and the Per- 
gamino coffee passes into a polishing device 306. The parti- 
tioning of the husked or polished bulk material into three 
fractions, i.e. substantially husks, husked and unhusked cof- 
fee, takes place in a vibrating sieve 307 and in wind sifters 
308. The fraction with the unhusked coffee can be supplied back 
to the husking device 305 via the elevator 303, In the case of 
a small unhusked share, preferably when treating Pergamino cof- 
fee, a class of Pergamino coffee in a drum sieve 309 is already 
fed into a container, and the remainder is supplied to a clas- 
sification range (8>) via an elevator 310. In the case of cof- 
fee berries, a fraction with unhusked coffee beans is led to 
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the husking device 305 via an elevator 303, if required. 

The husked or polished coffee beans pass into a sorting section 
via an elevator 304, in which the beans are partitioned into 
different size classes and cleaned from broken particles by 
means of vibrating sieve devices 310' and aspirational 
classification devices 311. In a further treatment step, in- 
fested, deformed and degenerated beans as well as small coffee 
berries and small Pergamino coffee beans are sorted out by 
means of specific gravity separators 312. In a last step, there 
are eliminated mainly black beans, which are undesired because 
of their color. 

Fig. 11 illustrates how the first cleaning is optimized by the 
use of an optical sorting device 24 replacing the dry stone se- 
parator 17. Owing to color and/or size and/or shape properties 
clearly separating the coffee beans from possible contamina- 
tions, the optical sorting device cannot only sort out impuri- 
ties of greater densities and sizes differing from the ones of 
the coffee beans, but it can do so with substantially all 
impurities. 

If necessary, the coffee berries are partitioned into two size 
classes in addition to being cleaned, which size classes pass 
into optimally adjusted husking devices in a separate arrange- 
ment. To enable this optimization of the husking procedure, two 
husking lines or intermediate storage cells are to be provided. 

According to Fig. 12. there is provided at least one second, if 
required, even a third sorting device 24a in order to sort out 
discolored (e.g. black beans) infested, deformed, broken, de- 
generated, small coffee berries and small Pergamino coffee 
beans from the husked or polished coffee beans by means of co- 
lor and/or size and/or shape properties, and in order to parti- 
tion the good coffee beans into different size classes. A third 
sorting device will be required when the second one cannot se- 
parate all the bean classes required. The sorting out of the 
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undesired snare of coffee conveniently represents the second 
part of the first cleaning. According to the prior art. this 
first cleaning step has been carried out substantially only 
after the classification of the beans and, therefore, had to 
take place separately for different product classes and with 
great expenses for specific gravity separators 312 and color 
sorting devices 313. Owing to the use of the second and, if 
required, of the third optical sorting device 24a, the cleaning 
step and the classification can be carried out optimally in a 
functional respect. The optical classification of the beans 
thereby replaces the vibrating sieve devices 310', the aspira- 
tional classification devices 311, the specific gravity devices 
312 and the color sorting devices 313 employed according to the 
prior art, which corresponds to a substantially lower expendi- 
ture of equipment, space and energy. 

It should be understood that procedure steps according to the 
invention for the first cleaning of all foodstuffs in the form 
of bulk material can be provided analogous to the examples re- 
presented. The respective precleaning or the further treatment 
is designed according to the respective incoming or outgoing 
products. * 

In Fig. 13, there is schematically represented a sorting device 
comprising the video camera 34, which is connected to the color 
evaluation circuitry (cf. Fig. 2) designated by 402. As can, be 
seen later on, this device is especially suited for sorting out 
particles of greatly differing masses, such as they occur par- 
ticularly in the cleaning or. if required, in the precleaning 
phases, by means of respectively adapted expelling energies. 
Nevertheless, it should also be understood that such a device 
can also be used advantageously for other fields of the sorting 
technology. 

Basically there is carried out a color comparison of the in- 
dividual particles in the color evaluation circuitry 402 by 
means of a nominal pattern, whose result is provided or can be 
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read off as output signal via the line 80. This color evalua- 
tion circuitry 402 corresponds to the drawing and description 
of EP-A-0 475 121, the entire contents of which are incorpo- 
rated herein by reference. 

Another component of the known circuitry is the shape processor 
Fp, which is connected to an inverting stage IV via the line 80 
such that it is put into operation after the release of the 
corresponding signals from the output stage 77 of the color 
evaluation circuitry 402 for determining shape or size. For 
this purpose, the shape processor Fp receives the video signal 
via a line 403, which video signal is also supplied to the 
stage 69 for the color processing. From the detection of the 
contours and the corresponding calculations of area the shape 
and size of the individual particle will then be determined. 
The respective information is then supplied to a processor or 
a computing unit 404 via an OR logic Log, by way of example, 
which calculates the intensity of the sorting energy on the 
basis of the information received, which value is required for 
the individual particle on the basis of its mass and/or its 
shape. For the shape, too, will determine the fall parable 
generated inasmuch as it influences the flow resistance of the 
air. Via an input device 405, the sorting energy required in 
each case for a particular particle type can be fed into the 
computing unit 404 via an input device 405 , with this input 
possibly being determined by the installation of reception 
containers for the particles that have been sorted out or by 
the place of installation of which. 

In the drawing, the air blast nozzles 41, 42 and 408 are re- 
presented as actuating units, which, however, do not necessa- 
rily have to be realized. Rather there are represented various 
conceivable embodiments on the basis of these air blast nozzles 
41, 42 and 408, which can be realized alternatively or cumula- 
tively. 

Thus, the computing unit 404 controls a proportional valve 410 
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in the case of the air blast nozzle 41. which is fed by an air 
supply system (e.g. a blower) merely represented by an arrow 
409, due to which proportional valve 410 the intensity and/or 
the duration of the air blast led through the nozzle 41 can be 
influenced. 



While the valve 410 is generally controlled by an analog signal 
or by a digital signal changeable step by step, the control 
unit can be controlled in the case of the nozzle 42 such that 
it is connected to the air supply system 409 via a check valve 
411. Behind this check valve there joins a line 412 leading to 
an air supply system in the form of an accumulator 409 » known 
per se. The computing unit 404 now controls a valve 410 \ which 
entirely opens the passage from the air supply system 409 to 
the air blast nozzle 42 or closes it completely, if the calcu- 
lation by the computing unit shows that the basic adjustment 
for the sorting energy given by the valve 410 • should not be 
sufficient to expel a particle to be sorted out at a particular 
place, then the computing unit will additionally trigger a 
valve 413 connecting the nozzle 42 to the accumulator 409 • The 
valve 413 may be a valve which can be opened or closed 
digitally or a valve that can be put into different positions 
according to the desired design. 

Finally, an embodiment as it is represented on the basis of the 
nozzle 408. will also be possible. In this arrangement, the air 
supply system 409 is connected to the air blast nozzle 408 via 
a plurality of pressure reducing valves 414. 415, 416 and 417 
with each of these valves 414 to 417 being adjusted to a dif-' 
ferent pressure value. 

Even though the use of air blast nozzles as actuating units is 
to be preferred, the invention will not be limited to such an 
arrangement, but it will be applicable in various manners to 
different types of actuating units, such as mechanical expel - 
lers. electrostatic expellers, and the like. 
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On the basis of color and shape, the computing unit 404 can al- 
so determine the kind of the object (e.g. a stone) and its spe- 
cific weight, if required, to be able to determine the sorting 
energy thereafter. Furthermore, it is conceivable to carry out 
the sorting procedure merely on the basis of color or only ac- 
cording to shape and size. The invention makes it possible to 
reduce the expenses for actuating units and/or to sort parti- 
cles of extreme mass differences without any difficulties. 
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CLAIMS 



A method for treating particulate food material containing 
impurities including the steps of 

precleaning said food material by removing impurities which 

differ distinctly from said particulate food material, 
first cleaning for selecting still remaining impurities from 
the precleaned food material including the steps of 
optically detecting at least one characteristic property 
of the group of color, size and shape of the particles 
of said food material, 
comparing said detected characteristic with 

characteristics of acceptable food particles, and 
partitioning said food material at least into impurities 
and acceptable food particles. 

Method as claimed in claim 1, wherein said optically 

detecting includes the steps of 

presenting the food material to at least one 

optoelectronical sensor, 
outputting an output signal for classifying each particle of 

said food material, and 
processing of said output signal for deducing actual 

parameters of characteristic properties of each particle. 

Method as claimed in claim 2, wherein said optoelectronical 
sensor is a .color television camera. 

Method as claimed in claim 2, wherein said optoelectronical 
sensor is a CCD camera. 

Method as claimed in claim 2, wherein said optoelectronical 
sensor is a line array camera. * 

Method as claimed in claim 1 , wherein said comparing 
includes the step of allocating an actual parameter to a 
class of particles represented by at least one preset 
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parameter and creating a control signal for controlling an 
automatic sorting step. 

Method as claimed in claim 1 , further comprising at least 
one learning step for deducing at least one preset parameter 
representative of a particle class, wherein said at least 
one preset parameter is deduced by analyzing the optically 
deduced characteristic of at least one particle. 

Method as claimed in claim 1 , further comprising at least 
one defining step for defining at least one preset parameter 
representative of a particle class. 

Method as claimed in claim 8, wherein said defining step is 
mainly used for size parameters. 

Method as claimed in claim 1 , wherein said at least one 
characteristic property is a particle size parameter. 

Method as claimed in claim 10, wherein said size parameter 
is a linear particle extension value. 

Method as claimed in claim 10, wherein said size parameter 
is a square particle extension value. 

Method as claimed in claim 1, wherein said at least one 
characteristic property is a particle shape parameter. 

Method as claimed in claim 13, wherein said shape parameter 
is a static torque of the group of first, second and third 
order static torque of. a particle cross-section relative to 
a particle axis. 

A facility for treating particulate food material containing 
impurities comprising 

a precleaning section for precleaning said food material by 
removing impurities which differ distinctly from said 
particulate food material, 
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a first cleaning section for selecting impurities from the 
precleaned food material comprising at least one optical 
sorting system including 

optical detecting means for detecting at least one 

characteristic property of the group of color, size 
and shape of the particles of said food material, said 
detecting means being mounted facing a passage area 
where said material is passing by in a flow direction, 

comparator means for comparing said detected 

characteristic with characteristics of acceptable food 
particles, said comparator means being connected to 
said detecting means, and 

partitioning means for partitioning said food material at 
least in impurities and acceptable food particles, 
said partitioning means being connected to said 
comparator means. 

16. Facility as claimed in claim 15 for treating a food material 
of the group of cereals and rice, further comprising 
dehusking means arranged within said first cleaning section 
in flow direction after said optical sorting system. 

17. Facility as claimed in claim 15 for treating a food material 
of the group of oil seeds, further comprising dehusking 
means arranged within said first cleaning section in flow 
direction of said optical sorting system. 

18. Facility as claimed in claim 15 for treating coffee beans, 
comprising at least two of said optical* sorting systems and 
dehusking means arranged within said first cleaning section 
in flow direction in between two of said optical sorting 
systems. 

19. Facility as claimed in claim 15 for treating cereals, 
further comprising 

raw grain bins for containing selected lots of cereals to be 
cleaned and ground arranged in flow direction before said 
optical sorting system, 



soaking means for wetting said cereals arranged in flow 

direction after said optical sorting system, 
conditioning bins for conditioning said wetted cereals, and 
grinding means for grinding said conditioned cereals. 

20. Facility as claimed in claim 19, further comprising scour 
means for scouring said cleaned cereals arranged between 
said optical sorting system and said soaking means. 

21. Facility as claimed in claim 19, wherein said optical 
sorting system expels particles which are not grains of the 
particular cereal. 

22. Facility as claimed in claim 19, wherein said optical 
sorting system expels cereal particles of unsatisfactory 
characteristics . 

23. Facility as claimed in claim 15 for treating rice, wherein 
said first cleaning section includes a 

a first part for cleaning paddy rice comprising 

rice bins for supplying said paddy rice to be cleaned, 
and 

said optical sorting system for expelling unwanted 
particles from said paddy rice, and 
a second part for dehusking said paddy rice and cleaning the 
dehusked rice comprising 

dehusking means for dehusking said paddy rice arranged in 
said flow direction after said optical sorting system, 

sorting means for sorting said rice after passing said 
dehusking means in dehusked rice, paddy rice and husk 
particles, 

polishing means for polishing said dehusked rice. 

24. Facility as claimed in claim 23, wherein said first cleaning 
section further comprises sieve means for sieving said paddy 
rice and selecting oversize and undersize impurities, said 
sieve means being arranged between said rice bins and said 
optical sorting system. 
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25. Facility as claimed in claim 23, wherein said first cleaning 
section further comprises aspiration means for dedusting 
said rice. 

26. Facility as claimed in claim 23, wherein said second part of 
said first cleaning section further comprises classifying 
means for classifying said dehusked rice at least in whole 
rice grains and parts of rice grains. 

27. Facility as claimed in claim 26, wherein said classifying 
means classify said whole rice grains into three different 
size classes. 

28. Facility as claimed in claim 26, wherein said classifying 
means include an optical sorting system. 

29. Facility as claimed in claim 28, wherein said optical 
sorting system classifies into at least two color classes. 

30. Facility as claimed in claim 26, wherein said classifying 
means includes a planar sifter for classifying into three 
fractions, husked rice, dehusked rice, and a mixed fraction, 
wherein only said mixed fraction is fed to said optical 
sorting system. 

31. Facility as claimed in claim 15 for treating soybeans, 
wherein said optical sorting system expells impurities and 
scraps of soja beans. 

32. Facility as claimed in claim 31, wherein said optical 
sorting system is expelling green soybeans. 

33. Facility as claimed in claim 31, further comprising 
steam treatment means for applying steam to said soybeans 

coming from said optical sorting system, 
a break roller mill for breaking said steam treated 
soybeans , 

a vibration sifter for classifying said broken soybeans, and 
a flaking roller mill for flaking classifyed soybean pieces. 
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34. Facility as claimed in claim 33, further comprising oil 
extracting means for extracting oil from said soyf lakes. 

5 35. Facility as claimed in claim 15 for treating oil seeds 

having a kernel surrounded by a hull, wherein said first 
cleaning section further includes 

at least one huller for hulling said precleaned oil seeds, 
said huller being arranged at the initial part of said 
10 first cleaning section, 

at least one classifying device for partitioning said oil 
seeds coming from said huller into mainly hulled seeds, 
mainly unhulled seeds and mainly hulls, wherein said 
classifying device comprises at least said optical 
15 sorting system, and 

feeding means for feeding said unhulled seeds back to said 
initial part. 

36. Facility as claimed in claim 35, wherein said at least one 
20 classifying device further comprises sieve means for 

preclassifying said oil seeds coming from saia huller, at 
least one fraction of said preclassif led seeds being fed to 
said at least one optical sorting system. 

25 37. Facility as claimed in claim 35, wherein said at least one 
classifying device further comprises aspirator means for 
aspirating said hulls, said aspirator means being arranged 
between said huller and said optical sorting system. 

30 38. Facility as claimed in claim 35, further comprising at least 
a second optical sorting system for sorting said precleaned 
oil seeds into at least two different size classes which are 
fed to tow different hullers. 

35 39. Facility as claimed in claim 38, wherein said second optical 
sorting system is further set up for expelling impurities 
coming from said precleaning section. 
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40. Facility as claimed in claim 15 for treating coffee beans of 
the group of coffee berry and Pergamino coffee, having a 
bean surrounded by a hull part, wherein a first optical 
sorting system of said at least one optical sorting systems 
is arranged at the initiated part of said first cleaning 
section, said facility further comprising a classifying 
section for classifying said coffee beans leaving said first 
cleaning section in different size classes, said first 
cleaning section further including 

huller means for separating said coffee beans from said hull 
part, said huller means being arranged after said first 
sorting system, 

at least one classifying device for partitioning said coffee 
beans coming from said huller means into mainly hulled 
beans, mainly unhulled beans and mainly hull parts, and 

feeding means for feeding said unhulled beans back to said 
huller means. 

41. Facility as claimed in claim 40, wherein said initial part 
further comprises sieve means for expelling impurities of 
sizes distinctly different from coffee beans arranged before 
said first optical sorting system. 

42. Facility as claimed in claim 40, wherein said beginning part 
further comprises aspirator means for expelling light 
impurities arranged before said first optical sorting 
system. 

43. Facility as claimed in claim 40, wherein* said classifying 
section includes a second optical sorting system. 

44. A method for sorting particulate bulk material including the 
steps of 

optically detecting at least one characteristic property of 
the group of color, size and shape of the particles of 
said bulk material, 

comparing said detected characteristic with characteristics 
of at least one particle class, 
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expelling particles with actuating means wherein the 

initiation of an actuation and the amount of actuation 
energy applied to at least one particle to be expelled 
depends on said comparing stay. 

5 

45. Method as claimed in claim 44, wherein the total amount of 
said actuation energy depends on said comparing. 

46. Method as claimed in claim 44, wherein the period of time 
10 during which said actuation energy is applied depends on 

said comparing. 

47. Method as claimed in claim 44, wherein said actuation energy 
is applied in the form of energy pulses with given pulse 

15 extension times. 

48. Method as claimed in claim 44, wherein said medium is gas. 

49. Method as claimed in claim 47, wherein said actuation energy 
20 is varied by varying the pulse extension time. 

50. Method as claimed in claim 44, wherein said actuation energy 
is applied by air pulses aimed at particles to be expelled 
and the air pressure for producing said pulses depends on 

25 said comparing. 

51 . A sorting device for sorting particulate bulk material 
including 

an optoelectronical sensor for viewing said bulk material 
30 and supplying a sensor signal, 

signal processing means for receiving and analysing said 
sensor signal , 

computing means for calculating an actuation energy, said 
computing means being connected to said processing means, 
35 actuating means for applying said actuation energy to 

particles to be expelled, 
energy control means for controlling said actuating means 
connected to said computing means and to said actuating 
means. 
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52. Sorting device as claimed in claim 51, wherein said signal 
processing means detects at least one characteristic 
property of the group of color, size and shape of the 
particles of said bulk material. 

53. Sorting device as claimed in claim 52, further comprising 
input means for inputting actuating energy parameters which 
are allocated to particle classes and depend on the energy 
needed to expel a respective particle, said input means 
being connected to said computing means. 

54. Sorting device as claimed in claim 51, wherein said 
actuating means is an air blast nozzle and said energy 
control means is a controllable valve at said nozzle, said 
valve being connected to said computing means. 

55. Sorting device as claimed in claim 51, wherein said 
actuating means is an air blast nozzle and said energy 
control means comprises a first air supply line with a first 
controllable valve and a nonreturn valve and a second air 
supply line with an air pressure accumulator and a second 
controllable valve, said first and second supply lines being 
connected to said nozzle and said first and second controll- 
able valves being controlled by said computing means by " 
varying the passage opening in said valves. 

56. Sorting device as claimed in claim 51, wherein said 
actuating means is an air blast nozzle and said energy 
control means comprises a first air supply line with a first 
controllable valve and a nonreturn valve and a second air 
supply line with an air pressure accumulator and a second 
controllable valve, said first and second supply lines being 
connected to said nozzle and said first and second controll- 
able valves being controlled by said computing means by 
varying the time with said valves in open position. 

57. Sorting device as claimed in claim 51, wherein said 
actuating means is an air blast nozzle and said energy 




control means is a set of at least two parallel air supply 
lines with controllable valves, said valves being 
selectively switchable by said computing means. 

5 58. Sorting device as claimed in claim 51, wherein said 

actuating means is an air blast nozzle and said energy 
control means is a set of at least two parallel air supply 
lines with controllable valves, said valves being 
selectively controllable by said computing means. 

10 59. Apparatus and methods substantially as described with 

reference to and as illustrated by Figs. 2, la, 4b , 6. 8. 
9, 11, 12 and 13. 
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